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The period 1 March 1976 — 28 February 1977 of the

p r e s e n t  c o n t r a c t  has  beet.  c o v e r e d  by an I n t e r i m  Sc i e n t i f i c  R e p o r t

d a t e d  May 31 , 1 9 7 7 .

The period : 1 March 1977 — 28 February 1978 of the

same c o n t r a c t  has  been cove red  by an I n t e r i m  S c i e n ti f i c  R e p o r t

da t ed  A p r i l  28 , 1 9 7 8 .

This Final Report summarizes inforni..itions presented

r in the Interim Reports mentioned above and includes new results

o b t a i n e d  d u r i n g  the p e r i o d  1 March  1978  — 28 February 1979.

I
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I. SUMMARY
= = a a a = = = = =

During the period covered by this ~ontract (1 March

1976 to 28 February 1979) , two experiment il facilities have

been operated in order to obtain either new or improved atmo-

spheric transmission spectra in the infrared

— The Solar Laboratory of the International Scientific Station

of the  Jun g f r a u j o c h , w h e r e

A. — the 7.5 mete rs focal length prism—grating spectrometer

has been used to further record solar spectra as supple—

ment to the “Photometric Atlas of the Solar S 1. cctrum from

A 3 ,000 to A 10 ,000 A “ .

B.— various series of solar observat ions were made near 2.5

$ 
. 

and 3,3 microns as part of an atmospheric monitoring

program of telluric species such as hydrofluoric and

h y d r o ch l o r i~ a c i d s .

C.— a one—meter optical path difference Fourier transform

spectrometer has been used to record high accuracy solar

spectra in the atmospheric windows between 1 .1 and 2.5

microns.

— The stratospheric balloon instrumentati on which was flown in

1976  and  in 1 9 7 8 ;  i t  has  p r o v i d e d  s o l a r  s p e c t ra  in s e l e c t e d
i n t e r v a l s  l o c a t e d  b e t w e e n  1.8  and  8 . 1  microns which have been

i n v e s t i g a t e d  in r e l a t i o n  to t h e  s t u d y  of t h e  s t r a t o s p h e r i c
concentration of species such as HF , MCi , CM 4 

U
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5.

I I .  J U N G F R A U J O C H  O B S E R V A T I O N S
= = = = = = = = = = = = = = = = = = — = = =—— = = = = = = =

A.— Observations in the A 3, 000 t o  A 10 , 000 A

Observations related to the “Photometric Atlas of

t h e  S o l a r  Sp e c t r u m  f r o m  A 3 , 000 to  A 10 , 000 A “ have been

p u r s u e d  by L .  D e l b o u i li e , G .  R o i a nd and  L .  N e v e n  f i } .

The first part of that Atlas , covering the region

from 4,300 to 6,20 0 A , was issued in 1973. Since that time ,

supplements have been added progressively : the region from

6,200 to 6,850 A was pt~~lished in 1974; that one from 4,006

to 4 , 300 A in 1 9 7 5 ;  t h e  s up p l e m e n t  i s s u e d  i n  1 9 7 7  r a n g e d

f r o m  6 , 850 to 7 , 498  A and , in  19 7 8 , th~ region from 7,498

to 7,994 A was released. The spectral domain covered by the

A t l a s  e x t e n d s  now f r o m  4 , 006  A to 7,994 A. Dr. G. Roland is

responsible for the reduction of these data and for their

final presentation.

Observations covering the regions from 3 ,600 to

4,006 A have been made during 1977 and 1978; they are cur-

rentl y under reduction. The domain from 8,000 to 10 ,000 A

has  also been recorded during the last years , but some

specific intervals need to be reobserved under more favorable

d r y n e s s  c o n d i t i o n s  a t  t h e  J u n g f r a u j o c h ;  t h i s  s ho u l d  be a c h i e —

ved d u r i n g  1 9 7 9 .

The above mentioned Atlas has been distributed world—

w i d e ;  more  t h a n  350 s u b s c r i p t i o n s  a r e  c u r r e n t l y  on t h e  m a i l i n g

list for that publication. The data are also available in

d i g i t a l  form on magnetic tapes. 
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6.

B.— Jungfraujoch atmospheric monitorings

In 1976 , after hydrofluoric acid l~.4d been detected for

the first time in the earth ’ s stratosphere {2}, L. Delboui lle

a nd G. R o l a n d  a t t e m p t e d  and  s u c c e e d e d  in  m e a s u r i n g  t h a t  s p e c i e s

f r o m  t h e  J u n g f r a u j o c i i ; o b s e r v a t i o n s  w e r e  c a r r i e d  o u t  in  t h e

v i c i n i t y  of 2 . 5  m i c r o n s  t 3 } .  Ihe following HF lines

R ( 0 )  a t  4 , 0 0 0 . 9 8 5  cm ’

R( 1) at 4,038.972 cm ’

R ( 2 ) a t  4 , 0 7 5 . 3 0 !  cm ’

and R(3) at 4, 109.945 cm ’

of t he  1 — 0  b a n d  a re  observable on solar spectra obtained under

s p e c t r a l  r e s o l u t i o n s  of a b o u t  0 . 0 2  c m L  A m o n g  t h e s e  l i n e s ,

only R(0) and R(1) can be considered as isolated and easily

measurable desp ite of being located in the wings of strong

H
2O lines; R(1) being the strongest HF line , it is that feature

which is normally used for our ground monitorings.

Figures 1 and 2 show typ ical samp le spectra uear the

R(O) and R(1) lines of HF. Trace C of Fig .1 corresponds to the

r eco r ded  s o l a r spectrum with small amounts of gaseous HF having

b e e n  a d d e d  in front of the entrance slit of the spectrometer;

thi s “enhancement ” procedure allows an unambiguous identi fica-

t ion  of t h e  HF f e a t u r e  i n d i c a t e d  b y an a r r o w ;  a i r  m a s s e s  a r e

1. 53 f o r  T r a c e  A and  1 . 9 2  f o r  T r a c e  B.

Fi gure 2 represents three sample spectra without any

“enhancement ” effect. On both Fi g. 1 and 2 , the Traces A show

s a m p l e  s p e c t r a  taken under exceptionally dry conditions.

Since 1976 , we have anal ysed a series of ground obser-

vations in order to establish any long term variation of the

telluric HF contents above Switzerland; the results deduced till

now are given hereafter. 

— ---~~~~~-- 
_ _



4002 4001 4000 cm ’

31/3 /77

2 5 / 3 / 7 7  ~~~~~

3013/77 ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~

I \
\ fl\j

I I
HF- RD)

JUNGFRAUJQcH
- OBSERVATIONS

• :H2
0 lines

O solar lines

ZeroA

-: FIGURE 1



— ~~~~~~~~~~~~~ ~~~~~~~~~~ •~~~ ._Sr . , ~~~~~ 
— V - 

~~~~~~~~~~~~~~~~~~~~

AIR MASS 4040 4039 4O38cm~

::~:::: 1 ~~~ 

‘
~N~Th

\

\
f\( 

V
_

\

~j v~

J

I

c_

~Y:i:::::D~~~2::2::i::1:::
Oct 7~ 1976 1.86 C /

• I I  ~I I P(1)
HF

I JUNGFRAUJOCH
Q.BSE RVAT!ONS

I H z O l ines

0: s o l a r  CO l in e s
Zero A

FIGURE 2

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _



V - .   - ____c.
- V ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ • ~~~ —

V 7 .

D a t e  M i x i n g  r a t i o

O c t .  19 7 6  a v e r a g e  above  20  Km ( 2 . 2  ~ . 4 )  x 10 ~~~° p p v

M a r c h  77 “ 2 . 5  .3

“ “ 4 . 6  .5  M a x .

J u ly  77  “ 2 . 8  .3

O c t .  77 2 . 8  .3
March 78 “ 3 . 1  . 4

4 . t~ . 4 M a x .

J u l y  78 “ 3 . 5  .3

D e c .  78 2 . 9  .3

• F e b r .  7 9  “ 3 . 2  .3

• These r e s u l t s  have  b e e n  o b t a i n e d  by c o n s i d er i n g  a l i n e

s t r e n g t h  f o r  R ( 1 ) ,  e q u a l  to  7 4 . 2  cm 2 Am ’ a t  2 2 5 ° K.

Figure 3 is a graphical representation of all our ground

bound mixing ratios , including two upper limits obtained from

e a r l i e r  r e c o r d i n g s  as w e l l  as two measurements made in May 1977

and May 1 9 7 8  a t  t h e  K i t - t  P e a k  O b s e r v a t o r y ,  T u c s o n ( A r i z o n a )  , by

L.  D e lb o u i l l e  and G . R o l a n d .  The d o t t e d  s t r a i g h t  l i n e s  a r e  o n l y

i n d i c a t i v e  of some i n c r e a s i n g  t r e n d s  n o t  y e t  si g n i f i c a n t .  I n d e e d ,

the slight tendency to an increase which seems to show up  f r o m  ou r

measurements has to be taken with caution because of the short

p e r i o d  c o v e r e d  by t h e  o b s e r v a t i o n s  w h i c h , f u r t h e r m o r e , sho w s i g n i —

f i c an t  c h a n g e s  among  r e c e n t  r e s u l t s  ( e . g .  D e c .  1 9 7 8 ) .

The h i g h  v a l u e s  of ( 4 . 6  ~ . 4 )  x 10
_ j o  

pp v ( i nd i c a t e d  by

t r i a n g l e s  b e t w e e n  p a r e n t h e s e s  on F i g . 3 )  o b s e r v e d  o c c a s i o n a l l y ,  e . g .

on March 31 , 1977 and on M a r c h  7 , 1978 have been explained by

i n v o k i n g  t h e  t r a n s p o L l  of H F — l o a d e d  s t r a t o s p h e r i c  polar air towards

l o w e r  l at i t u d e s  and  l o w e r  a l t i t u d e s ;  t h a t  c o n c l u s i o n  w .is d r a w n  f r o m

similar variations observed on ozone soundings recorded over

Switzerland by the Swiss Meteorological Office , Zurich.

The mixing retios given here imp ly that all hydrofluoric

ac id is  l o c a t e d  a b o v e  20 Km a l t i t u d e .  T h i s  s u b j e c t i v e  p r e s e n t a t i o n

was adopted here because of the fact that the major source of HF

is definitely the photodissociation , in the upper stratosphere ,of

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ 
V— — ._ -~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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8.

v a r i o u s  c h i o r o f l u o r o c a r b o n  species , especially CFC1
3 

(“ Freon—Il ”)

and CF
2CI 2 (“ Freon—1 2”); furthermore , balloon observations have

i n d i c a t e d  t h a t  t h e  HF c o n c e n t r a t i o n  ~~ i n d e e d  i m p o r t a n t  a b o v e

20 Km a l t i t u d e , dec r e a s in g r ap i d l y  b e l o w  ( w e  s h a l l co me b a c k  to

that problem , later in this report).

2 1 2  ~~~~~~~~~~~~~~

Desp ite a poor efficiency of the grating installed in the

7 . 5  m e t e r s  f o c a l  l e n g t h  s p e c t r o m e t e r  f o r  o b s e r v a t i o n s  in t h e  3 .5

microns region (off—blaze operation), it ha s bee n po s s i b l e  to

obtain very good solar spectra around the R(l), R(2) and R(3)

lines of the fundamental band of HC1. R(I), located at 2925.895

• cm ’ , was  r e t a i n e d  for our ground monitorings because of blending

effects by either 112
0 or Cl!

4 
lines on R(2) and R(3).

Figure 4, Trace A , shows a typ ical solar spectrum recorded

near 2926 cm t ; Trace B of that Figure was recorded with some

gaseous hydrochloric acid placed in froni of the entrance slit of

the spectrometer; here again the “enhancement ” procedure allows

to  l o c a t c  u n a m b i g u o u s l y  t h e  HC 1 f e a t u r e s .

Th ~ f o l l o w i n g  Table summarizes the Juugfraujoch average

m i x i n g  r a t i o s  of M C i , ded u c e d  t i l l  n o w ;  F i g u r e  5 r e p r e s e n t s  t h em

graphically. Also indicated on Fig.5 are upper limits for 195!

and 1 9 6 9  ( n o t e  t h e  d i s c o n t i n u i t y  of  the abcissa scale) as well as

values deduced from 1977 and 1978 Kitt Peak observations.

Date Mixing ratio

+ — 1 0
A pri.l 1951 average above Jo ch (1.4 — .4) x 10 p p v

V M a r c h  77 “ 2 . 3  .3

J u l y  77  “ 2 . 2  . 3

O c t .  77 “ 2 . 3  . 3

M a r c h  78 “ 2 . 6  .3

J u l y  78 “ 3 . 1  .3

D e c .  78 “ 2 . 0  .4

Febr. 79 “ 2 . 3  .4

h~L . 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
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9

The r e s u l t s  p r e s e n t e d  h e r e  h a v e  b e e n  d e d u c e d  by  c o n s i —

V dering a R(I) line strength equal to 10 .75 cm 2 atm ’ at 240°K
$ 

and a s s u m i n g  an u n i f o r m  mixing ratio above the Sites of obser-

vation.

It is known that the atmospheric distribution of HC 1

v e r s u s  a l t i t u d e  s h o w s  a decrease from the ground to about 1 2 — I S

Km a l t i t u d e , f o l l o w e d  by an i n c r e a s e  up t o  a t  l e a s t  35 r~L n ; h o w e v e r ,

we have  not  a t t e m p t e d  to i n t e r p r e- t e the observutions in order to

derive the respective contributions from the troposp here and from

t h e s t r a t o s p h e r e (this should be envisaged with observations of a

few .001 cm ’ spectral resolution made over a series of MCI lines

having different t e m p e r a t u r e  d e p e n d e n c e s ) .  The s e t  of d d t a  accu-

m u l a t e d  t i l l  now d o e s  not allow any conclusion regarding th~ t em-

poral evolution of the telluric h ydrochloric acid contents ; the

l a r g e  s c a t t e r  i-n t he  r e s u l t s  and  t h e  l o w e r  v a l u e s  d e d u c e d  f o r

Kitt Peak tend to s u p p o r t  t h e  f a c t  t h a t  m u s t  of t h e  M C i  v a r i a b i l i t y

o c c u rs in  t h e  t r o p o s p he r e , also tha t a sort of background effect

is d i f f e r e n t  a t  v a r i o u s  geographic locations.

M & t h~~1 o r ~~~~

Attemps have also been made in ord~ r to  d e t e c t  and

m o n i t o r  t h e  a t m o s p h e r i c  c o n t e n t s  of CH
3
C1.

Figure 6 shows one sample spectrum betw e ’ . 1  3059 and

3064 cm 1 , where many weak absorption lines bel~~ig ing to the

V 4 b an d of  CH 3 C 1 a r e  present (their positions are indicated by

arrows). The observations have not yet been analysed systema-

tica lly but the few average mixing ratios a’~:iilable for 1977

and  19 7 8  r a n g e  f r o m  1 . 1  to  1 . 8  x I 0 9 pp v .

- - - -
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C. — Fourier transform spectrome~~~~

V In 1 974 , D r .  R .  M a i b r o u c k  h a s  i n s t a l l e d , a t  t h e  Coudé  
V

V f o c u s  of th e 76 cm t e l e s c o p e  of t he  J u n g f r a u j o c h , a one m e t e r

optical path d i f f e r e n c e  i n t e r f e r om e t e r  of  t h e  C o n n e s  t y p e ;  i t s

t h e o r e t i c a l  s p e c t r a l  r e s o l u t i o n  l i m i t  is 0 . 0 1  cm ’ and  i t s

a b s o l u t e  w a v e l e n g t h  a c c u r a c y  is  b e t t e r  t h a n  0 . 0 0 1  cm ’ .

T h i s  i n s t r u m e n t  was  u s e d  in  19 7 5  and  1 9 7 6  f o r  r e c o r d i n g

v a r i o u s  s p e c t r a l  i n t e r vd i s  i n d i c a t e d  in t h e  f o l l o w i n g  T a b l e .

Sp e c t r a l  r e g i o n  S p e c t r a l  r e s o l u t i o n

cm 1 cm 1

4058 — 4450 .0154

4300 — 4800 .0145

4 4 7 0  — 4890 . 0 1 4

4 9 0 0  — 5200  . 0 2 5

5820  — 6144 .0172

5930  - 6400  . 0 15 9  V

6 1 5 0  — 6650 . 0 1 6 7

7 6 10  — 8 1 5 0  . 0 13 1
8 1 5 0  — 8590 . 0 2 2 3

F i g u r e s  7 a n d  8 show two sample s p e ct r a  o b t a i n e d  w i t h
the  F o u r i e r  i n s t r u m e n t  and  r e p r o d u c e d  f r o m  D r .  M a l b r o u c k ’ s P h . D .
T h e s i s  {4} ( w i t h  an abcissa scale as in the two last Figures ,

4 a l l  s p e c t r a  i n d i c a t e d  in  t he  p r e v i o u s  Ta~~le would extend over

more  t h a n  60 m e t e r s ) .  The lines indicated by a vertical bar

are those for which accurate wavelength positions have been

• deduced. Reference 4 contains tables and wavelengths for all

the lines observed and having central depression to noise ratios

e q u a l  or l a r g e r  t h a n  10 ; t h e  g i v e n  w a v e l e n g t h s  have been cor—

r e c t e d  f o r  i n s t r u m e n t a l  e f f e c t s , f o r  a i r  i n d e x  and  f o r  D o p p l e r

e f f e c t s  d u e t o  r e l a t iv e earth—sun motions. The final accuracy

of t h e  w a v e l e n g t h s  p r o v i d e d  i n  t h e  t a b l e s  is  a b o u t  1 . 2  x t O ~~
cm 1 ; t h e y  can  be u s e d  as r e f e r e n c e s  f o r  ~r t t e rp o l a t i on s  of

-j other weak absorption f e a t u r e s  p r e s e n t  on t h e  s p e c t r a .

- • ~
. VV -— • •
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Part of the data accumulated by FTS have been analysed —

V 
• 

by R. Malbrouck. For instance , he has investigated the center

to limb variations of the profiles of CO lines observed in the

4500 to 4000 cm ’ region; he has also updated the identifica—

tions of solar Fe I lines in the reg ions 4050 to 4800 cm ’,

5821 to 6650 cm 1 and 7600 to 8600 cm 1 .

Furthermore , the abundance of tel luric methane above V

the J ung fraujoch has been determined from the analysis of the

2v
3 

band of CR4 
near 1.6 microns C5}; the average mixing ratio

deduced is equal to 1.48 x io
6 pp v .

The CO 2 
mixing ratio deduced from the analysis of lines

belonging to -the 5v 2 + V
3 

— v 2 band near 2.08 microns is equal V

+
to (322 — 1 2)  ppmv .

F i n a l l y ,  it is worth mentioning the work on standard

h a l f — w i d t h s  v a r i a t i o n s  v e r s u s  t h e  q u a n t u m  n u m b e r  J , o b t a in ed

f or :
— t he  R b r a n c h  of t he  2v

3 
band of CH4 

(O<J <9) {6}.

— t h e  P and R b r a n c h e s  of t h e  two CO 2 b a n d s  V
1 

+ 4v 2 + \)
3 ( n e a r

1 . 6  m i c r o n s )  and  2v 1 + 2v 2 + V
3 (near 1.57 microns) {4}.
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I I I .  S T R A T O S P H E R I C  B A L L O O N  O B S E R V A T I O N S
= = = S = = = = = = = = = = = = = = = = = = = = = = = = = = —_ = = = =—_ =

During the period covered by this report , our stra-

tospheric balloon program was pursued with two flights carried

o u t  d u r i n g  t h e  s p r i n g  of 1 9 7 6  and two o t h e r s  m a d e  in t h e
f a l l  of 1 9 7 8 ;  a l l  f l i g h t s  w e r e  c o n d u ct e d  f r o m  t h e  N a t i o n a l

S c i e n t i f i c  B a l l o o n  F a c i l i t y ,  P a l e s t i n e  ( T e x a s ) .

T i l l  1 9 7 4 , m o s t  of t he o b s e r v a t i o n a l  t i m e  a t  f l o a t

a l t i t u d e  had been  d e v o t e d  to t h e  r e c o r d i n g  of s o l a r  s p e c t r a

extending over intervals as wide as possible (e.g. the 1.85

m i c r o n s  112 0 b a n d ; t h e  2 . 6 5  m i c r o n s  H O  and  CO 2 a b s o r p t i o n  r e g i o n) ,

in o r d e r  to  f i l l  t h e  g a p s  r e m a i n i n g  in  t h e  g r o u n d  — r e c o r d e d

s o l a r  a t l a s e s .  By 1 9 7 6, h o w e v e r , i t  bec -ame n e c e s s a r y  t o  reori en—

ta te the p r i m e  o b j e c t i v e  of  ou r  f l i g h t s  and  to  s p e n d  as m u c h

time as p o s s ib l e  to  t h e  s t u d y of t h e  che m i c a l  c o m p o s i t i o n  of t he

u p p e r s t r a t o s p h e r e ;  t h e r e f o r e  t h e  r e c o r d i n g  of n a r r o w  s p e c t r a l

i n t e r v a l s  i n t o  w h i c h  as m a n y  t e l l u r i c  s p e c i e s  as  p o s s i b l e  w e r e

s u p p o s e d  to  show c h a r a c t e r i s t i c  a b s o r p t i o n  l i n e s  w a s  m o r e  a p p r o —

p r i a t e  h e r e ;  in  an a t t e m p t to  e s t a b l i s h  c o n c e n t r a t i o n s  v e r s u s

a l t i t u d e , i t  became  n e c e s s a r y  to r e p e a t  c e r t a i n  o b s e r v a t i o n s

along various slant paths c o r r e s p o n d i n g  to  d i f f e r e n t  s o l a r  e l e —

v a t i o n  a n g l e s  and  to  t a k e  a maximum advantage of the curvature

of t h e  v a r i o u s  a t m o s p he r i c  l a y e r s .

For  t he se  l a s t  p u r p o s e s , t h e  i n s t r u m e n t , e s p e c i a l l y
t h e  g u i d a n c e  s y s t e m , n e e d e d  t o  be a d a p t e d to  v e ry l o w , ev en

s u b — h o r i z o n t a l  s o l a r  o b s e r v a t i o n s  d u r i n g  s u n r i s e  a -nd s u n s e t .
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A . — The !976 b a l l o o n  o b s e r v a t i o n s

The i n t e r i m  r e p o r t s  of M a y  3 1 , 1 9 7 7  and of A pril 28 ,

1978 contain most of the scientific informa tions deduced from

our two balloon flights made on April 22 (flight ULC— IO) and 
—

on May 1 0 ( U L G — 1 I ) ,  19 7 6 .

F l i g h t  U L G — I O  was  s t i l l  devoted to near infrared solar

observations , using Pb~ detectors for sin gA . c
V
~ and for double

pass solar recordings. The following spect ral intervals were

r e c o r d e d  w i t h  a s p e c t r a l  r e s o l u t i o n  of a b o u t  0 . 0 3 5  cia 1 in
— 1  . . — I

double pass and 0.08 cm in single pass : 5757.1— 5 685.1 cm

5523.4-5465.1 cm 1 ; 5438 .0-5415 .9 cm
1
; 366.2-5227.3 cm ’ ;

4 8 7 9 .~~— 4 8 4 5 . 2  cm ’ ; 4 6 2 6 . 2 — 4 6 0 7 . 0 4  cm 1 ; 4 0 6 1 . 6 — 4 0 3 6 . 0  cm ’ .

For the flight ULG— 11 , the spectrometer ~ ds equi pped

w i t h  a g a l l i u m — d o p e d  germanium bolometer; solar observations

w e r e  made  w i t h  a 0 . 0 4  cm ’ r e s o l u t i o n  ove r  t h e  f o l l o w i n g

s p e c t r a l  r eg i o n s  : 3 0 2 4 — 3 0 0 7  cm 1 ; 2 9 3 7 — 2 9 6 5  cm 1 ; 1 8 4 9 — 1 8 3 0

cm 1 ; 1620—1593 cm 1
; 13 25— 1259 cm ’ . That flight ended prema-

turely due to a leakage at the top fitting of the ba ll o cL~ and 4
dramatically as the gondola came down in lake 0’The Pine ,

Texas; it s u f f e r e d  v e r y  h e a v y  d a m a g e s .

Some stratospheric constituents having absorption

characteristics in the various spectral reg ions mentioned

a b o v e , a r e H 2 0 , CO 2 ,  CH 4 ,  CO , N 2 0 , NO , NO 2 ,  HF , H C I , CH 3C I .

A m o n g  t h e  u t ~su l t s  r e p o r t e d  e a r l i e r , i t  i •  w o r t h  r e c a l —

• ling that the 1976 observations confirmed the presence of HF

above 27.9 Km a l t i t u d e , the average mixing ratio b e ing equal

to (3.6 .6) x IO~~~ ppv {3}.

Unexpectedly the concentrations of CR 4 and N 20 in the

upper stratosphere showed large variations between the October

1974 and the May 1976 flights; this seem- . to confirm the

e xi s t e n c e  of large scale d~ iami cal processes above 25 Km al t i —

tude and raises the question about eventual seasonal varia-

tions of the content s ,in the stratosphere , of supposedly well

known minor constituents.
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The  19 7 6  o b s e r v a t i o n s  h a v e  also allowed to identif y,

for the first time , a series of photospher ic lines ly ing

a b o v e  5 m i c r o n s , o u t  to  8 m i c r o n s  { 7 — 8 } .

B. — The 1 9 7 8 — b a l l o o n  o b s e r v a t i o n s

• Following i t s  sp la s h — d o w n , t h e  ba l l o o n  i n s t i u m e n t a t i o n

demanded a large amount of work and of money for being repair ed

and be reflow -n with good chances 01 success.

The  19 7 8 c a m p a i gn , i n i t i a l l y  p l a n - n e d  to  t a k e  p l a c e

during the spring of 1978 , hod to be delayed by 4 months

because of late delivery of the set of 5 metal mirrors , consti—

tuting the basic optics of the inst rument , ~.hich had to be

• recoated by cani gean deposits then polished and vacuum alumi-

nized.

The co m p l e t e  b a l l o o n  i n s t t  . V n t a t i o n , ilso the check—

out and maintainance material (21 boxes; total weight ~~~ 3 ,~~UO

K g s )  w as d e l i v e r e d  to  t h e  R h e  i n — M a i n  A i r  l o r c e  Base  in F r a n k f u r t

(F.R.C.) on July 12 , 1978; IL arri ’ed at the NSBF , Palestine

(Texas), on August 8, 1978.

In  a c c o r d a nce  w i t h  t h e  v a r i o u s  s p o n s o r s  a n d  c o l l a b o r a -

t o r s  of ou r  1 9 7 8  c a m p a i gn , it was decid~~d to undertake obser-

vations in the 2 to 5 microns region , using InSb detectors

cooled down to liquid nitrogen temperatures.

The following Table (see next page) g ives a number of

molecules observable in the InSb— sensi tive region; a selection

was made among these for setting the scie n tif ic priority pro-

gram. HOC1 was also retained becau s~ of its importance r .tised

recently in relation with the stud y of the chlorine budget in

t h e  u p p e r  s t r a t o s p he r e .

F i g u r e  Y show~ the Lie ge gondola read y for ground

testings prior to its ball oon launch.
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Band Approx. Band Expected Range
• Constituent Center Intensity of Stratospheric

— 1 —2 — 1 Volume Concentration
( c m  ) (cm a t m  )

HF 3962 325 io I0
~~io

9

HC1 2886 1St )

0 21 1 0  32 63042 3 10 — 1 0

NO
2 2910 60 ,o

_ 9
_ ,o

_ 8

NO 1876 1 1 0  ,o
_ 9

_ ,o
_8

HNO
3 

3550 m oderate 10 9_ 1 0 o

N 0 2224 1300
2 2563 • 40 10 ’

CH 4 3 0 1 9  300 10 6

CO 2 1 4 3 2 3 0  10 ’

CO 2 2 3 4 9 2 0 0 0  3 x 1 0 4

3 6 13  30
V 3 7 15  40

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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16.

F l i ght ULG— 12 , w h i c h  took place on September 15 , was

4 on l y  a 30% success experiment because of a defectuous functioning

of the optical chopper (tuning fork) which forced us to record

data at very slow scanning speeds of the grating. Furthermore ,

a deficiency in the guidance system became excessive during the

afternoon and prevented us from making observations during sunset.

F l i ght 1JLG—1 3 started on October 17 , a t  l l h r . 30 CDST ,

b e c a u se of  p o o r  low l e v e l  w i n d V ~. e a r l i e r  in  t h e  m o r n i n g ;  o b s e r v a -

t i o n s  were made till sunset , under excellent conditions.

F i g u r e  10 s h o w s  t h e  f l o a t  p r o f i l e s  of  t h e  1 9 7 8  fli ghts.

The next Table gives a summary of the measurements carried out

during the two flights.

Fli ght S p e c t r a l  R e g i on ~ umbe r of E x p e c t e d  M o l e c u l e s
(microns) Recordings Absorpt ions

ULG— 12 ~‘t.’ 1 .78 ; “1.85 4 112
0; calibration and

telluric

~ 2.48 4 HF , H2O

~ 2.66 4 HOd , C02 ,  1-l~~0

“.3.40 2 ~iCl , CH~~, CH 3C1

“.4.63 2 CO , N 20

ULG— 13 ‘~ 1.85 2 H 0 ; calibration

20 . H20

‘~2.66 15 Huel , C02, 1120

‘~3.40 9 CH 4, HC1 , CH 3
C1

‘‘.4.20 7 Co 2
‘~4.63 4 CO , N 20

“.4.70 2 03, CO , . .

- - - _ _ _ _  . V - V ~ -~~~~~~ V~~ 
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Pre 1 iminary results

F i g u r e s  1 1 , 12  and  13 show a few sample spectra

r e c o r d e d  in t h e  v i c i n i t y  of , r e s p e c t i v e l y  :

— t h e  R ( 2 )  l i n e  of H 35 C 1 , a t  2 , 9 4 4 . 9 1  cm
— the R(1) line of HF , at 4,038.972 cm ’

— t h e  R ( Q 4 ) b r a n c h  of t h e  \)
, band of HOd .

4 Note that the sampl es shown on Fig .1 1 have not yet

been  f i l t e r e d  numerically for “removing ” the high frequency

n o i s e  p r e s e n t  on t h e  t r a c i n g s .

F r om t h e  1 97 8 ba l loo n observations , we have already

deduced informations regarding species which were given some

o b s e r v a t i o n a l  p r i o r i t y ,  e.g. HF , HC1 , CR 4 ,  CO , HOC1; these are

summarized hereafter.

V 
HF. The average m i x i n g  r a t i o  a b o v e  3 0 . 9  Km dedVV c ed from TJLG I2

- _ ( is ( 5 . 2  ~ . 6 )  x io
’.IO 

ppv . On ULG— 13 , a more accurate value ,

equal to (4.8 ~ .2) x ,o 10 ppv prevailed above 30.3 Km.

A summary of all past balloon results is given in the

following Table.

Date Float Altitude Average Mixing Ratio
—10(K m ) x 1 0 pp v

A p r i l , 7 1 27.8 3.2 .7

O c t . ,  74 2 7 . 4  4 . 8  .8

A pril , 76 27.9 3.6 .6

Sept., 78 30.9 5.2 .6
— 

Oct., 78 30.3 4.8 .2 
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It is worth noting here that the consideration of our

ground and balloon data about HF has allowed us to esta—

blish a 3 — s t e p s  HP profile between 15 and 45 Km altitude

w i t h  the following mixing ratios for 1978.

Altitude Range (Km) Mixing Ratio (x 10~~~° ppv)

1 5 — 2 0  ( 1 . 0 5  ~ . 2 )

20—30 (2.5 ~ .3)

30—45 (5.’. ~ .3)

This simplified profile i., in good agreement with theore-

tical calculations by Sze {9}.

HC1. Figure 14 (full curve) shows the average profile deduced

on October 1978; a I

V

OW other profiles are drawn for com-

parison. Above 30 Km , our results indicate a decrease of

the HC1 average mixing ratio from a value indicated by the

straight line noted (1) to that corresponding to the line

(2), for observations made respectivel y above +1 degree

and between +1 and 0 degree solar elevation ; the full

curves (a) and (b) are the corresponding modeled extremes.

CH4. Figure 15 represents three CU
4 

profiles deduced from balloon

— observations made during the last years. Our results m di—

c a t e  t h e existence of important variations of methane above

30 Km altitude , likely to be associated with stratospheric

dynamical processes; they do not con firm the low values

d e d u c e d  b y A c k e r m a n  ( s h a d e d  a r e a) .

CO. After having corrected the observed absorption lines for

the CO photospheric contribution , we h .Ive deduced an average

telluric CO mixing ratio above 30.6 Km , equal to (1.6 .25)

x ~o
8 ppv ; this result is de l • 1 it el y lower than most of

the values obtained by cryogenic samp ling techni ques (e.g.

Ehhalt e t  a l . ) .  

. - - --  - V
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HOd . After having received further informations from the NES

(Dr. R.L. Sams), we can conclude that 110C1 can not be

measured on our spectra taken near 2.66 microns . If that

chlorine species is pre~icnt with a concentration in the

10 10 ppv range at 25— 30 Km altitude , it should be investi —

gated along almost horizontal slant paths from about 28 Km

altitude (larger a i r  m a s s e s  w i l l  n o t  n e c e s s a r i ly  be m o r e

favorable because of increasing blending by 112
0 and CO 2

absor~~ti~~n features). On a future trial , we siiall envis age

such optimum geometrical conditions for HOC1 detection.

Remarks

1 . — Data from our 1978 balloon fl igh ts are suuject to further

analysis refinements which , however , should not modif y appre-

ciably the results already deduced. V

2 . — CO 2 ,  CH 3C 1 , N 2 0 a n d  0 3 will be investigated in a near future.

3.— Among prime objectives of our 1979 ba ll n campai gn , we shall

attemp t to measure the total chlorine contents in the strato—

s p h e r e , e . g .  HC 1 , d o , C 1O N O 2 ,  HO d , CH 3C I .

-- V~~~~~~~~~~~~~~~~~~~ -- - - V V V ~~~~~~. 5 - VVV_~~~- V V ~~~~~~~~~~~~~~~~~~~ ~ V V . 5  - -- - - -
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I V .  C O N C L U S I O N S

This final report presents an ensemble of informations

related to efforts made by Profe 3sor M igeotte ’ s group, ii orde r

to ob ta i n  new h i gh resol ution transmission spectra of the atmo-

sp he re in the infrared. T i l l  now , some of th c~~e e f f o r t s h a v e

been res tricted in their spectral coverage , be cause of very

specific requirements , e.g. repeated scannings of narrow in ter—

vals around selected absorption lines of p a r t i~~ular telluric

s p e c i e s .  H o w e v e r , t h e y  h a v e  s h o w n  t h e  f e a s i b i l i t y  a n d  t h e  q u a l i t y

of r e c o r d i n g s  t o w a r d s  l o n g e r  w av~ lengths and have necessitated

experimen tal optim izations which have had the virtue of rendering

both the Jung fraujoch and the balloon equipn •ents re 1dy f o r m o r e

sys tematic solar observations in the infrared.

A great deal of observ ations available ~ V~ve not yet been

f u l l y red uced and published; this is p a r t i c u l a r l y  true for balloon

da ta and it is due to lack of time and absence of pers o nnel . sup—

port; we hope that a solution can be fOu V ~ d to that situation i n

1980.

While the regular monitoring of atmospheric species will

have to be maintained as part of the observational programs , we

also hope tha t soon , the recording of a n ew “M i g ~~o t t e ’ s A tlas ” ,

out to 25 microns , can be undertaken s y s t om a t i c a l l y .

Observa tions related here have rev ealed the usefulness of

coordina tions between airborne and ground measurements; the comple—

m e n t a r i t y  of these two observat ional m e t h o d s , w h i l e d es i r a b l e

for pollution in onitorings , will become essential for a ~-~~l cove—

rage of the solar spectrum out to 25 microns.

L A %
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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IV. CONCLUSIONS

This final repor t presents an ensemb ’e of informations

rela ted to efforts made by Professo.V M igeo tte ’ s g r o up ,  im ~ orde r

to obtain new high resolution tr .~t n snAis sion spectra of the atmo-

sphere in the infrared. Till now , some of these efforts have

b e e n  r e s t r i c t e d  in  th e i r  sp e c t r a l  c o v e r a g e , b e c a u se of  v e r y

spec i f i c  r e q u i r e m e n t s , e . g .  r e p e a t e d  s c a n n i n g s  of n a r r o w  i n t e r -
vals around selected absorption lines of par t i~~ular te lluric

species. However , they have shown the feasibility and the quality

4 of recordings towards longer way ., lengths and have necessitated

experimental opt im izat ions which have had the virtue of rendering

1 -j bo th the J u n g f r a u j o c h  and  t he b a l l o o n e q u i p ments re~~dy f o r  m o r e

systema tic solar observations in the infrared.

A grea t deal of observations available have not yet been

fully reduced and published ; this is particularly true for balloon

data and it is due to lack of time and absence of Dersonnel sup-

_ C port; we hope that a solution can be fo~~~d to that situation in

1980.

While the regular monitoring of atmosp heric species will

have to be maintained as part of the observational p r o gr ams , we

a l s o  h o p e  tha t so on , the r e c o r d i n g o f  a ne w “M i g~~otte ’s A t l a s ” ,

out to 25 microns , can be undertaken systematically.

Observa tions related here have revealed the usefulness of

coordinations between airborne and ground measurements ; the comp le—

men tarity of these two observational methods , w h i l e d e~;i rable

for pollution monitorings , will become essential for a i • .i l cove—

r a g e  of t h e  s o l a r  s p e c t r u m  o u t  t o  25  m i c r o n s .

A - - 
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